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Abstract There have been a few studies regarding detail of
back pain in adolescents with idiopathic scoliosis (IS) as
prevalence, location, and severity. The condition of back
pain in adolescents with IS was clarified based on a cross-
sectional study using a questionnaire survey, targeting a total
0f 43,630 pupils, including all elementary school pupils from
the fourth to sixth grade (21,893 pupils) and all junior high
pupils from the first to third year (21,737 pupils) in Niigata
City (population of 785,067), Japan. 32,134 pupils were
determined to have valid responses (valid response rate:
73.7%). In Niigata City, pupils from the fourth grade of
elementary school to the third year of junior high school are
screened for scoliosis every year. This screening system
involves a three-step survey, and the third step of the survey
is an imaging and medical examination at the Niigata Uni-
versity Hospital. In this study, the pupils who answered in the
questionnaire that they had been advised to visit Niigata
University Hospital after the school screening were defined
as Scoliosis group (51 pupils; 0.159%) and the others were
defined as No scoliosis group (32,083 pupils). The point and
lifetime prevalence of back pain, the duration, the recur-
rence, the severity and the location of back pain were
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compared between these groups. The severity of back pain
was divided into three levels (level 1 no limitation in any
activity; level 2 necessary to refrain from participating in
sports and physical activities, and level 3 necessary to be
absent from school). The point prevalence was 11.4% in No
scoliosis group, and 27.5% in Scoliosis group. The lifetime
prevalence was 32.9% in No scoliosis group, and 58.8% in
Scoliosis group. According to the gender- and school-grade-
adjusted odds ratios (OR), Scoliosis group showed a more
than twofold elevated odds of back pain compared to No
scoliosis group irrespective of the point or lifetime preva-
lence of back pain (OR, 2.29; P = 0.009 and OR, 2.10;
P = 0.012, respectively). Scoliosis group experienced sig-
nificantly more severe pain, and of a significantly longer
duration with more frequent recurrences in comparison to No
scoliosis group. Scoliosis group showed significantly more
back pain in the upper and middle right back in comparison to
No scoliosis group. These findings suggest that there is a
relationship between pain around the right scapula in Sco-
liosis group and the right rib hump that is common in IS.

Keywords Back pain - Adolescence - Idiopathic scoliosis -
Epidemiology - Cross-sectional study

Introduction

Most patients with adolescent idiopathic scoliosis (AIS)
visit the hospital when a trunk deformity, such as rib or
lumbar hump and waist asymmetry, is pointed out either
after the school screening or by family members, and it is
rare for these patients to visit the hospital due to back pain.
However, some adolescent patients with idiopathic scolio-
sis (IS) do complaint of back pain in outpatient clinics.
Previously, it had been accepted that special attention
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should be paid to patients with scoliosis who experienced
back pain, because it was thought that might be additional
pathologies such as an occult syrinx, spinal cord tumors, or
neuromuscular disorders [4, 6, 20].

Regarding back pain in childhood and adolescents,
previous studies showed that the point prevalence of back
pain ranges from 12 to 33% [1, 2, 13, 14, 17, 19] and the
lifetime prevalence of back pain varies between 30 and
51% [1-3, 10, 14, 17, 21]. It has been recognized that low
back pain (LBP) is a common condition, with a high rate of
occurrence not only in adults, but also in childhood and
adolescents [1, 3, 5, 8, 9, 11, 17, 18, 22]. However, there
have been a few studies regarding the details of back pain
in adolescents with IS, with regard to the prevalence,
severity and location of back pain [7, 12, 15, 16, 23, 24].
Previous studies showed a wide range prevalence of back
pain in adolescents with IS, ranging 23-85% [7, 12, 15, 16,
23]. Some studies have indicated that the prevalence of
back pain in adolescents with IS are similar to the general
adolescent population [16], while other studies concluded
that adolescents with IS experience more back pain and
more severe back pain than their peers [12].

The purpose of this study was to clarify the condition of
back pain in adolescent with IS using a large-scale cross-
sectional epidemiological study based on a questionnaire
administered to all children living in a defined area of Japan.

Materials and methods

The present study includes all schoolchildren consisting of
a total of 43,630 pupils (22,356 males and 21,274 females),
including all elementary school pupils from the fourth to
sixth grade (110 schools: 21,893 pupils) and all junior high
pupils from the first to third year (57 schools: 21,737
pupils) in Niigata City (at longitude 139° East and latitude
37° North, located on the West coast of Japan with an area
of 649 km* and a population of 785,067 as of September
30, 2005). In the Japanese school system, elementary
school consists of a 6 year program including the first to
sixth grades, while junior high school is a 3 year program
comprising the first year, the second year and the third year
levels. The fourth grade elementary school pupils thus
correspond to children ranging 9—-10 years of age (E4); the
fifth grade children ranging 10-11 years of age (ES); and
the sixth grade children ranging 11-12 years of age (E6).
The first year junior high school pupils correspond to
children ranging 12-13 years of age (J1); the second year
pupils comprise children ranging 13—-14 years of age (J2);
and the third year pupils including children ranging
14-15 years of age (J3).

An anonymous questionnaire, which carefully protected
any personal information, was made and distributed to each

school. The questionnaire was taken home by all elemen-
tary school children to fill out together with their parents or
guardians, and thereafter, they were collected at the school.
For junior high school students, it was filled out by each of
them and collected at the school. The data were collected
from October 17, 2005 to November 11, 2005.

At first, basic information, such as the name of their
school, their school-grade, gender, height, and weight were
filled in on the answer form. Next, any experience of back
pain was described by means of multiple choice answers in
Question 1 of the questionnaire, with the options divided
between the present and the past, and the details of back
pain were continuously surveyed using the selection answer
form for students who had experienced back pain (Fig. 1).

Regarding the definition of back pain, there was no
information for back pain in the questionnaire, and it
depended only on their judgment as back pain. A valid
response was the ones that had also appropriately answered
their gender, school-grade, and Question 1. Responses to the
questionnaire were received from 34,830 of 43,630 pupils
(response rate 79.8%), and 32,134 pupils who were deter-
mined to have valid responses (valid response rate 73.7%).

In Niigata City, pupils from the fourth grade of ele-
mentary school to the third year of junior high school are
screened for scoliosis every year in early summer. This
screening system involves a three-step survey, with the
third-step of the survey being an imaging and medical
examination in the Niigata University Hospital (Fig. 2). A
question about the school screening for scoliosis was
included in the questionnaire. In this study, the pupils who
answered in the questionnaire that they had been advised to
visit Niigata University Hospital during the school
screening were defined as Scoliosis group (0.159%;
51/32,134) (Table 1). The prevalence of scoliosis was

Q1 Do you have any pain in your back now? (Yes/No)
Do you have any pain in your lower back now? (Yes/No)
Have you had any pain in your back before? (Yes/No)
Have you had any pain in your lower back before? (Yes/No)

Fig. 1 Details of Question 1 in the questionnaire

3-steps survey
1st survey: Inspection at each school
by the school nurse and the school doctor
+ postural abnormality
+ the Adams forward-bending test (rib hump)

2nd survey: Inspection at each school
by the spine surgeon in Niigata Univ. Hospital

3rd survey: Imaging (x-ray) and medical examination

in the Niigata Univ. Hospital

Fig. 2 Details of Question for School Screening for Scoliosis in
Niigata City
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Table 1 Gender- and school-

grade of subjects in Scoliosis Prevalence of scoliosis (%) Scoliosis group No scoliosis group P value
and No scoliosis groups No. % No. %
Total 0.159 51 100.0 32,083 100.0
Gender 0.002
Male 0.088 14 27.5 15,889 49.5
Female 0.228 37 72.5 16,194 50.5
School-grade® <0.001
4th grade 0.022 1 2.0 4,518 14.1
a H
Fourth-sixth grade of Sth grade  0.022 1.9 4,638 14.5
elementary school and first—
third year of junior high school 6th grade 0.156 7 13.0 4,475 13.9
of those pupils are 9—11 years 1st year 0.195 12 222 6,152 19.2
old and 12-14 years old, 2nd year  0.144 9 18.5 6,240 19.4
respectively, at the start of the 3rd year 0.345 1 19.6 6.060 18.9

new school year

significantly higher in females than in males, and increased
along with the school-grade elevation.

The point prevalence and the lifetime prevalence of
back pain were evaluated in both Scoliosis and No scoliosis
groups. Additionally, in pupils with a lifetime prevalence
of back pain, the duration of back pain, the recurrence of
back pain, the severity of back pain and the region of back
pain were also evaluated. The severity of back pain was
divided into three levels (level 1 no limitation in any
activity; level 2 necessary to refrain from participating in
sports and physical activities, and level 3 necessary to be
absent from school). Regarding the location of back pain,
the back was divided into nine parts, and the region in
which subjects experienced their most severe back pain
was selected (Fig. 3).

The SPSS software program (Version 14) for Windows
was used to perform all statistical analyses; Fisher’s exact
probability test was used for comparison of the gender and
the location of back pain between Scoliosis and No scoliosis
groups, and the Chi-square test was used for comparison
of pain by school-grade. Binomial or multinomial logistic
regression analysis was used to estimate gender- and
school-grade-adjusted odds ratios (OR) and 95% confi-
dence intervals (CI) of back pain and its characteristic
status associated with scoliosis. Gender- and school-grade
were adjusted in these logistic models because there were
significant differences in these distributions between the
two groups (Table 1). In all the cases, statistical signifi-
cance was set at P < 0.05.

Results
Point prevalence and Lifetime prevalence of back pain

The point and lifetime prevalence of back pain was higher
in Scoliosis group than in No scoliosis group. (27.5 vs.
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Fig. 3 Figure of Back. Back was divided into nine parts (3 x 3) from
Regionl to Region 9

11.4% and 58.8 vs. 32.9%, respectively) (Table 2).
According to gender- and school-grade-adjusted analyses,
Scoliosis group showed a more than twofold elevated odds
of back pain compared to No scoliosis group irrespective of
the point or lifetime prevalence of back pain (OR, 2.29;
95% CI, 1.23-4.29; P = 0.009 and OR, 2.10; 95% CI,
1.18-3.72; P = 0.012, respectively).

Duration, recurrence and severity of back pain

The various characteristics of back pain were analyzed
among pupils with a lifetime prevalence of back pain
(Table 3). Regarding the durations of back pain, the prev-
alence of “<1 week” was lower in Scoliosis group (38.7%)
than in No scoliosis group (68.1%), although this duration
was the most frequent in both groups. On the other hand,
35.5% of pupils in the Scoliosis group answered that they
had experienced back pain which lasted “>3 months”: the
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Table 2 Point and lifetime prevalence of back pain and their association with scoliosis
Scoliosis group No scoliosis group Gender- and school-grade-adjusted
N =51 N = 32,083 OR (95% CI) P value
No. % No. %
Point prevalence of back pain 14 27.5 3,596 11.4% 2.29 (1.23, 4.29) 0.009
Lifetime prevalence of back pain 30 58.8 10,561 32.9 2.10 (1.18, 3.72) 0.012
OR odds ratio of back pain according to scoliosis, CI confidence interval
# Calculated for 31,581 pupils excluding 502 non-respondents
Table 3 Characteristics of back pain among pupils with the lifetime prevalence and their association with scoliosis
Scoliosis group No scoliosis group Gender- and school-grade-adjusted
N =31 N = 10,561 OR (95% CI) P value
No. % No. %
Duration of back pain
<1 week 12 38.7 6,814 68.1* 1.00 (reference)
1 week<, <1 month 5 16.1 1,873 18.7* 1.50 (0.52, 4.29) 0.450
1 month<, <3 months 2 6.5 552 5.5% 1.94 (0.43, 8.76) 0.390
>3 months 11 355 772 7.7% 7.92 (3.39, 18.51) <0.001
Recurrence of back pain 26 83.9 6,028 60.1° 3.94 (1.37, 11.36) 0.011
Severity of back pain
Level 1 20 64.5 8,539 80.9 1.00 (reference)
Level 2 3 9.7 1,631 15.7 0.80 (0.24, 2.72) 0.722
Level 3 7 22.6 391 3.8 6.96 (2.89, 16.78) <0.001

OR odds ratio of each back-pain status according to scoliosis, CI confidence interval

 Calculated for 10,011 pupils excluding 550 non-respondents
® Calculated for 10,036 pupils excluding 528 non-respondents

prevalence was much higher than that in the No scoliosis
group (7.7%). Accordingly, scoliosis was concluded to be
significantly associated with an elevated OR of back pain
lasted “>3 months” (OR against “<1 week”, 7.92; 95%
CIL 3.39-18.51, P < 0.001).

Pupils in Scoliosis group more frequently experienced
recurrent back pain (83.9%) than pupils in No scoliosis
group (60.1%) (OR, 3.94; 95% CI, 1.37-11.36,
P =0.011).

As for the severity of back pain, in Scoliosis group, level
1 pain was reported by 66.7%, level 2 by 9.1% and level 3
by 24.2% of the pupils. In No scoliosis group, level 1 pain
was reported by 80.5%, level 2 by 15.7% and level 3 by
3.8% of the pupils. Scoliosis group was thus significantly
associated with an elevated OR of “Level 3” back pain
(OR against “Level 17, 7.92; 95% CI, 3.39-18.51,
P < 0.001).

Location of back pain

The most frequent location of the most severe back pain
was region 8 (lower centre) in both of Scoliosis group

(33.3%) and No scoliosis group (36.9%). Pupils in Scoliosis
group more frequently experienced the most severe back
pain in region 2 (upper centre), 3 (upper right) and 6
(middle right) than pupils in No scoliosis group (16.7 vs.
3.6%, P = 0.004; 30.0 vs. 5.7%, P < 0.001; and 16.7 vs
5.1%, P = 0.017, respectively) (Table 4).

Discussion

Recently, it has been recognized that LBP is a common
condition, with a high rate of occurrence not only in
adults, but also in childhood and adolescents [1, 3, 5, 8, 9,
11, 17, 18, 22]. Previous studies showed that the point
prevalence of back pain varies ranges 12-33% [1, 2, 13,
14, 17, 19], and the lifetime prevalence of back pain
varies between 30 and 51% [1-3, 10, 14, 17, 21]. On the
other hand, there have been a few studies regarding the
detail of back pain in adolescents with IS with regard to
the prevalence, severity, and the location of back pain
[7, 12, 15, 16, 23, 24] and the results were inconsistent,
with wide range of life time prevalence, ranging 23-85%
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Table 4 Location of back pain among pupils with the lifetime
prevalence

Scoliosis No scoliosis P value

group group

N =30 N = 10,561

No. %* No. %*

Location of the severest back pain

Region 1 (upper left) 2 6.7 420 4.0 0.337
Region 2 (upper centre) 5 16.7 377 3.6 0.004
Region 3 (upper right) 9 30.0 599 5.7 <0.001
Region 4 (middle left) 4 133 571 5.4 0.077
Region 5 (middle centre) 7 233 2,119  20.1 0.649
Region 6 (middle right) 5 16.7 541 5.1 0.017
Region 7 (lower left) 3 10.0 1,170 11.1 1.000
Region 8 (lower centre) 10 333 3,901 36.9 0.850
Region 9 (lower right) 3 100 1,233 11.7 1.000

* The sum total exceeds 100% because some pupils selected multiple
regions

[7, 12, 15, 16, 23]. Ramirez et al. [16] reported a retro-
spective study of 2,442 patients (age 620 years) who had
idiopathic scoliosis showing that the lifetime prevalence
of back pain was 23% and the point prevalence of back
pain was 9%. He concluded that these results were similar
to the prevalence in the general pediatric and adolescent
population reported by others. On the other hand, Pratt
et al. [15] reported a questionnaire study of 39 patients
treated surgically for AIS. Of these patients, 85% expe-
rienced some back pain at preoperative assessment, and
this result was higher than the previous reports for healthy
adolescents. Dickson et al. [7] also reported that back
pain was significantly more prevalent among the 165
scoliosis subjects than among the 100 age- and sex-mat-
ched control subjects (73 vs. 52%) using a questionnaire
survey (average age at survey was 17 years). In the
present study, the point and lifetime prevalence in Sco-
liosis group were 27.5 and 58.8%, respectively, which
both were significantly higher than in No scoliosis group.
The pupils in Scoliosis group also experienced signifi-
cantly more back pain, and had a longer duration and
more recurrences of back pain in comparison to those in
No scoliosis group. These results were consistent with
those reported by Pratt [15] and Dickson [7].

Regarding the location of back pain in AIS, there have
also been a few studies [7, 12, 23, 24]. Weinstein et al. [23]
reported the location of back pain and the relationship
between the curve pattern and pain severity, using a long-
term follow up study for 194 untreated idiopathic scoliosis
patients (average age at survey was 39.3 years). There was
a tendency for the patients with a thoracic curve to have
fewer back symptoms than those with other curve patterns

@ Springer

(thoracic curve 25%, combined 43%, thoracolumbar 52%,
lumbar 42%). However, the severity of the curve, regard-
less of the type, was not necessarily correlated with back
symptoms. Regarding the location of tenderness in the
back, the investigators divided the back into “the apex of
the curve”, “the concavity of the curve”, “the interscapu-
lar region”, “the suprascapular region”, “the paraspinous
muscle”, and “occasionally the lower ends of the ribs”
(when they were in contact with the iliac crest). In their
study, 45% of all patients experienced some tenderness in
one or more areas as follows: localized tenderness at the
concavity of the curve, diffuse paraspinous tenderness,
tenderness over the rib hump, and tenderness in the inter-
scapular and suprascapular regions. Dickson et al. [7]
reported that back pain occurred more frequently in the
interscapular and thoracolumbar regions in AIS patients
compared with the control group, and that there was no
association between back pain and the type of curve or the
degree of curvature. In the present study, because of the
lack of clinical data regarding scoliosis, such as the mag-
nitude of the curve and which type of scoliosis was
included in Scoliosis group, it was impossible to evaluate
the relationship between back pain and these features more
fully. However, regarding the location of back pain, our
data provided interesting results. The pupils in Scoliosis
group showed significant back pain in the upper and middle
right back in comparison to No scoliosis group. Because
many IS patients have a right convex thoracic curve with a
right rib hump in their back, our results suggest that there is
a relationship between the pain around the right scapula
and the rib hump.

Although our study provided some interesting informa-
tion regarding back pain in adolescents with IS, there are
several limitations. First, the definition of back pain used in
this study might be insufficient, because it was dependent
on pupils’ judgment, which could potentially lead to some
bias. Particularly, for elementary school pupils, it might be
difficult to understand the meaning of back pain and the
precise details of back pain. As a result, the questionnaire
were taken home and filled out with the assistance of their
parents or guardians. Second, the definition of Scoliosis
group was only based on the results of the questionnaire.
There might be false positive and negative cases in school
screenings, and some pupils in Scoliosis group might not
have had scoliosis, while some pupils in No scoliosis group
might have had the condition. Third, this questionnaire
survey was performed after the school screening for sco-
liosis. Therefore, for the pupils in Scoliosis group who
were advised to visit Niigata University Hospital to
undergo comprehensive physical examination at the time
of the survey, the possibility that such pupils had a higher
consciousness regarding back pain than No scoliosis group
could not be ruled out.
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Conclusions

We conducted a large-scale cross-sectional study using a
questionnaire to elucidate the details of back pain in ado-
lescents with IS. The point and lifetime prevalence of back
pain were significantly higher in Scoliosis group in com-
parison to No scoliosis group. The pupils in Scoliosis group
experienced significantly more severe back pain, with a
longer duration and more recurrences in comparison to
those in No scoliosis group. In addition, the pupils in
Scoliosis group showed significant more back pain in the
upper and middle right back in comparison to those in No
scoliosis group. These findings suggest that there may be a
relationship between pain around the right scapula and the
rib hump that is common in IS.
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